For nucleus-nucleus collisions at Relativistic-Heavy-Ion Collider (RHIC) energies we calculate observables in two conceptually transport theories, i.e. the n-body molecular dynamical model RSP and in the PartonHadron-String-Dynamics (PHSD), starting out from the same distribution of the initial energy density at the quark gluon plasma (QGP) formation time. The RSP is based on the Nambu Jona-Lasinio (NJL) Lagrangian whereas in PHSD the partons are described by the dynamical quasi-particle model (DQPM). Despite of the very different description of the parton properties, their interactions and of the hadronization in both approaches the final transverse momentum distributions of pions and kaons are rather similar. Thus it will be difficult to conclude from the final experimenal data on the details of the initial plasma properties.
I. INTRODUCTION
The primary objective of the study of ultra-relativistic heavy ion collisions at the relativistic heavy-ion collider (RHIC) and at the large hadron collider (LHC) is to search for a new state of matter, a plasma of quarks and gluons (QGP) predicted at high temperatures and high densities [1] . Such a state has presumably existed in the primordial universe shortly after the Big Bang. In the QGP the fundamental particles of the strong interaction -the quarks and the gluons-are deconfined. At lower temperatures and densities the quarks and gluons are confined in hadrons, the particles which can be observed in experiments.
Lattice gauge calculations [2] predict that for a static infinite medium in equilibrium and at zero chemical quark potential µ, the transition from hadronic matter to the QGP (and vice versa) is a cross over. In heavy-ion collisions this new state of matter can only by produced in a finite interaction zone of a radius of less than 10 fm and its lifetime is at most of the order of 8-10 fm/c (∼ 3x10 −23 s). In addition, up to now the short equilibration time of the order of 1 fm/c, necessary to form a QGP, is not yet explained convincingly by theory. Therefore, the study of the formation of a QGP in heavy-ion collisions raises several issues.
Firstly, the finite value of the third coefficient in the Fourier expansion of the azimuthal hadron angular distribution v 3 , shows, that the form of the interaction zone fluctuates from event to event considerably even for reactions at a fixed impact parameter. One may consider the initial stage either as an evolution of color fields [3] or as a string formation and subsequent string melting [4, 5] . Despite of a completely different physical origin of the fluctuations both approaches can give a reasonable agreement with experiment, however, with different sets of parameters (see [6, 7] and references therein). * Email : marty@fias.uni-frankfurt. de Therefore the physically correct description of the heavy-ion reaction in the first fm/c is still debated at this time [8] .
Secondly, it is still an open question if in these reactions after ∼ 1 fm/c a local thermal equilibrium is attained. There is no theoretical guidance yet how this may happen and therefore the energy density distribution and the local velocity fields at the beginning of the expansion of the QPG are afflicted with a lot of uncertainties.
Approaches which describe the expansion of the QGP in hydrodynamical models assume a local thermal equilibrium and are able to describe a multitude of observables. This raises the question whether the agreement with experiment is sufficient to justify the assumption of a local equilibrium at the beginning of the expansion. Other transport approaches as a multi-phase transport model (AMPT) [9] and the partonhadron-string dynamics (PHSD) [10, 11] are based on Boltzmann or Kadanoff-Baym type transport equations which do not require the assumption of a local equilibrium. There the initial conditions (using HIJING [12] for AMPT and FRITIOF [5] + PYTHIA [13] for PHSD) are directly converted into dynamical partons which subsequently interact by potential and collisional interactions.
Recently the Relativistic quantum molecular dynamics for Strongly interacting matter with Phase transition or crossover (RSP) [14] has been advanced which is a relativistic molecular-dynamics approach based on the Nambu-JonaLasinio (NJL) Lagrangian [15, 16] . Being a n-body approach it conserves the fluctuations of the initial conditions, an important requirement if one wants to study the first-order phase transition at higher chemical potential µ as predicted within the NJL.
Despite of the fact that all these approaches (more or less) describe the lattice equation of state, the properties of the partons are rather different in these models. In the DQPM the masses of the partons are large at high temperature and close to T c and therefore the hadronisation proceeds by the formation of large mass hadrons which decay subsequently to the pseudoscalar octett. In the NJL approach gluons do not appear as explicit (time-like) degrees-of-freedom but they appear as a potential interaction among quarks as space-like degrees-offreedom. At high temperature the hadrons have their bare mass in the NJL. Close to T c their mass increases due to the increasing scalar condensate but remains small as compared to the mass of quarks in the DQPM. The hadronization takes place via q +q → hadron+hadron interactions for which the cross section becomes very large close to T c and below.
In view of the different realizations of the lattice equation of state in transport theories it is important to know whether these approaches lead -for the same initial conditions -to different values of the observables or whether observables can be identified that allow to fix the parton properties in the QGP.
The initial conditions of the different approaches, i. e. how to transform the initial stage of the heavy-ion collisions into a plasma, described either by hydrodynamics or by transporttype equations, are quite different. Here we choose as the basis for the comparison the initial condition of PHSD, i.e. the initial spatial distribution of the energy density from the PHSD approach. We will show how to transform the PHSD initial condition into the degrees-of-freedom of the RSP approach. This transformation is not unique and therefore we will present several possibilities to perform this transformation. Having the same energy density distribution we propagate the degrees-of-freedom using either the PHSD or the RSP equations. We will discuss the initial spectra of partons, the final spectra of identified particles in both approaches as well as the elliptic flow. Therefore the purpose of this article is to demonstrate how the same initial energy-density distribution develops in the two different approaches. We recall that with such initial conditions the PHSD approach describes a multitude of experimental observables [17] [18] [19] [20] [21] [22] [23] [24] . In order to obtain for the RSP approach a similar agreement with experimental data such initial conditions have to be adapted.
In the next Section we briefly present the PHSD approach and we discuss the initial energy-density profile extracted. Then, in Section III, we shortly present the NJL model and in Section IV the RSP transport approach. In Section V we explain how we convert these initial conditions into a plasma composed of NJL particles, with and without the assumption of thermal equilibrium, and describe in detail the case of an out-off equilibrium conversion and its consequences. In Section VI we focus on the comparison of results from PHSD and RSP for the initial quark distributions and then for the final hadrons spectra. We conclude our study with a summary in Section VII. In the appendix we discuss more about the hadronization.
II. REALISTIC EVENT-BY-EVENT INITIAL CONDITIONS
A. The parton-hadron string dynamics approach
The Parton-Hadron-String Dynamics (PHSD) approach [10, 11] is a microscopic covariant transport model that incorporates effective partonic as well as hadronic degrees-offreedom. The transition between partonic and hadronic matter is described dynamically by the formation of hadronic resonances. While the hadronic part is essentially equivalent to the conventional Hadron-String Dynamics (HSD) approach [25, 26] the partonic dynamics is based on the Dynamical QuasiParticle Model (DQPM) [27, 28] which describes QCD properties in terms of single-particle Green's functions (in the sense of a two-particle irreducible 2 PI approach). For an overview of the thermodynamical properties (equation of state and transport coefficients) of the DQPM see [29] .
After initializing the nucleons by a Wood-Saxon distribution, for the binary collisions between projectile and target nucleons the FRITIOF [5] resp. PYTHIA [13] is employed. These form strings which are represented by leading and prehadrons. The leading hadrons can collide with further nucleons, however, with a reduced cross section (1/3σ NN for leading mesons and 2/3σ NN for leading baryons). In these collisions new strings are formed which decay as well using the FRITIOF model.
The energy, which the leading hadrons have lost, is converted into strings which are dissolved according to the DQPM parton spectral functions for local energy densities above ε c (≈ 0.5 GeV/fm 3 ). These partons are heavy, hence their formation time is short and the QGP is formed shortly after the nuclei have passed through each other (at top RHIC energies). For convenience, we extract the initial condition at t = t 0 + 0.5 fm/c -t 0 being the time of the first hard NN collision -for √ s NN = 200 GeV. At this point, all strings are already melted and partons are formed which start to interact strongly.
B. Initial conditions
At the time τ 0 + 0.5 fm/c, when the nuclei have penetrated each other (due to their Lorentz contraction) and strings are melted into DQPM partons, we synchronize both models. At that time the creation of the heavy DQPM partons gives large fluctuations in the particle distributions in a single event. We illustrate these fluctuations by displaying in Fig. 1 -3 the energy density, the velocity and the strangeness profiles for a single Au-Au event at √ s NN = 200 GeV and b = 2.2 fm (0-5% centrality).
At that time we calculate the energy-momentum tensor:
with the energy density ε, the pressure P, the momentum density Q, and the shear stress π. We notice that the energy momentum tensor obtained in PHSD is not diagonal and therefore the particles do nor represent an ideal fluid. The fluid is viscous and π = 0. We refer to Refs. [29, 30] for a further discussion of viscosity in the DQPM. We also compute the particle density in the local rest frame
which allows for extracting the baryon density and the flavor decomposition.
The energy density of each cell in PHSD in the global calculation frame is given by
with ∑ i the sum over particles in the current cell, and V cell = ∆x∆y∆z the volume of the cell. We note that in PHSD, ∆x = ∆y = 1 fm, and ∆z = 1/γ cm fm, γ cm being the Lorentz γ factor for the transformation into the center-of-mass of the colliding nuclei. We can compute the energy density for each cell in the local rest frame using the velocity of this cell which is:
This velocity gives the Lorentz factor γ = 1/ 1 − β 2 , and then the energy density of the cells in local rest frame is:
On the left side of Fig. 1 (a) and c)) we display the energy density in the transverse plane in the local rest frame of the cells, and on the right side we show the energy density in the longitudinal plane. The figures on the top (a) and b)) are snapshots of the initial condition at a time τ 0 + 0.5 fm/c whereas the bottom figures display these quantities at τ 0 + 1.0 fm/c. Thus we see a fast decrease of the initial energy density whereas the geometry of fluctuations in coordinate space is almost conserved. One can see that in any case the fluctuations are important and the granularity is in between 1/m π ≈ 1.5 fm/c and 1/m q ≈ 0.3 fm/c.
In Fig. 2 (a,b), we depict the longitudinal velocity v L and transverse velocity v T of the cells. The longitudinal velocity profile shows that the farer the cells are from the 'center' (z = 0 fm) the faster they are ( the space time rapidity is proportional to the rapidity). On the contrary, the azimuthal angle of transverse velocity is uniformly distributed. The absolute value of the transverse velocity is small compared to that in longitudinal direction. This profile of the velocity distributions is obtained after the conversion of strings into pre-hadrons and the subsequent interactions of the DQPM partons respecting in each step the conservation of the 4-momentum as well as the flavor currents. This procedure assures as well that there is initially no transverse flow in the PHSD approach.
The Fig. 3 shows how the flavor is distributed initially. We display the strangeness ratio, i.e. the number of strange and antistrange quarks over the total number of quarks in each cell (N s + Ns)/N tot in the transvers plane (a) as well as in the z − y plane (b) (for x=0). We already know from experiment that at RHIC energies the chemical equilibration of strange quarks is not achieved, so the total number of strange quarks does not correspond to the thermal equilibrium value. In y − z direction (b) the mean value is -as expected -close the center of the interaction but the ratio fluctuates substantially. In longitudinal direction the strangeness is distributed over the whole interaction region (a).
We can summarize these observations as follows:
(i) we have a strong energy deposition from leading participant baryons. In coordinate space this energy density fluctuates strongly,
(ii) the longitudinal distribution of the partons is almost constant over the reaction region reminiscent of the Bjorken scaling, (iii) the cell velocities are initially small; thus a radial flow has to develop later.
(iv) Neither globally nor locally the energy momentum tensor is diagonal. PHSD propagates the information of the non-diagonal parts in contradistinction to ideal hydrodynamical approaches which neglect the off-diagonal elements of T µν .
These initial conditions of PHSD show that at the synchronization time the system is not in a local thermal equilibrium.
III. THE NAMBU-JONA-LASINIO MODEL
The NJL model is based on a Lagrangian which respects the same symmetries than QCD. For three flavours it reads [16] : The free parameters are the bare masses of quarks for 2+1 flavors m 0u = m 0d = m 0s , and the coupling constants G for scalar/pseudoscalar mesons (determined by the pion mass in vacuum), and K for the flavor mixing (determined by the masses of the mixed states η and η ). The table of parameters which we use can be found in Ref. [14] .
The NJL model is an approach for quark and antiquark degrees-of-freedom. The mass of gluons is assumed to be large as compared to the momentum transfer in interactions among quarks and therefore the interaction is reduced to a 4-point interaction with an effective coupling constant. The masses of quarks are calculated in mean-field approximation. Meson masses are the pole masses of the summation of q/q polarization loops. This approach allows for describing parton and meson properties as well as cross sections with the help of very few parameters [14] which can be fixed by particle properties in vaccum. All masses and cross sections from this model can be calculated for a finite temperature T and at finite chemical potential µ.
The masses of the light u quark and of the π meson are shown in Fig. 4 as a function of the temperature and the chemical potential. For small temperatures and chemical potentials, the mass of the quarks is dressed due to the interaction with the scalar condensates, whereas the mass of the pion (being the Goldstone boson of the model) tends to its vacuum limit. When the temperature and/or the chemical potential increase(s) the scalar condensates disappear and thus the quark recovers its small bare mass whereas the pion increases its mass and develops a finite width [14] .
The hadronisation cross sections as well as the elastic cross sections are strongly momentum-dependent and become very large due to a s channel resonance close to the Mott temperature, where m π = m q + mq. Consequently, the viscosity over the entropy density becomes small, η/s ∼ 0.1 [29] . Thus during the expansion, close to T c , hadronisation becomes important and leads finally to a gas of hadrons. The interaction among quarks is attractive what reduces the slope of the transverse spectra during the expansion.
The Fig. 5 shows the elastic cross section→and the hadronization cross section→ MM as a function of the temperature and the center of mass energy above threshold, √ s 0 . One clearly sees the peak of the cross section close to the critical temperature (around 200 MeV in this model), and close to the threshold for elastic scattering, which leads to a small η/s. The hadronization cross section shows that close to T c particles in the same phase-space region (having a small spatial distance) will hadronize. We discuss the hadronization method and its problems in detail in the appendix.
IV. THE TRANSPORT CODE RSP
The transport code RSP is based on the NJL Lagrangian, which we use for this investigation, is dubbed Relativistic quantum molecular dynamics for Strongly interacting matter with Phase transition or crossover (RSP). This code is a relativistic N-body microscopic transport code (see Ref. [14] for details). The relativistic dynamics model in RSP is referenced as INTEGRAL in Ref. [14] .
This transport approach follows the ideas developed originally in Ref. [31] but differs in the constraints one imposes to reduce the 8N dimensional phase space to the 6N+1 dimensional phase space in which particle trajectories can be defined. These constraints allow not only for describing frame invariant equations of motions but also allow for a numerical solution of the equation of motion for an interacting N-body system as has been demonstrated in [14] where the reader may find all relevant details. The equations of motion in this approach are given by:
which ensure to have a causal dynamics which conserves total energy. τ is the clock time for the calculation to which all individual times of the particles are connected by constraints. The NJL model enters into these equations through the effective mass discussed above, coming from chiral symmetry breaking. Assuming a local equilibrium, the derivative of the potential is proportional to the derivative of the mass with respect to the local temperature and the spatial derivative of the temperature:
where the temperature is given by the local particle density (see Ref. [14] for more details). This new transport code is designed to describe the plasma phase as well as the hadronization and the hadronic gas. Only quarks and antiquarks as well as SU (3) 
The most advanced hydrodynamical approaches for 3+1D ideal [32] and viscous case [33] seem to indicate that this method describes correctly the experimental results for a broad variety of systems, from the RHIC beam energy scan [34] up to LHC results for Pb+Pb [35] and even p+Pb [36] .
Comparable to the PHSD approach the RSP model can describe the time evolution of the plasma even if initially it does not come to an (almost) local equilibrium by solving the time evolution equations of the partons and not that for the energy density like in hydrodynamics. Being a n-body approach the RSP allows for the description of the time evolution of nonequilibrium fluctuations and goes beyond the possibilities of the PHSD model which solves the dynamics on the level of a 2 PI approach). This may be of importance for strongly coupled plasmas at finite baryon chemical potential where the NJL Lagrangian predicts a first-order phase transition.
V. CONVERSION OF THE PHSD INITIAL CONDITION
The description of the time evolution of the quark-gluon plasma and its subsequent hadronization is one of the big challenges for the present day transport approaches. One may assume that initially the energy-momentum tensor is diagonal, like it is assumed in ideal hydrodynamics or that the offdiagonal matrix elements are small as assumed in viscous hydrodynamics. We want to compare whether very different descriptions for the time evolution of the system, the PHSD and the RSP approach, lead to a different time evolution of the system and finally to different distributions of the observables. This is only possible if one starts in both approaches from the same initial conditions. Here we start out from an initial condition which is obtained by converting the Lund string model directly into partons described by the DQPM, an initial condition which is generated in the PHSD approach and which does not have the limitations of the hydrodynamical models. In order to use this PHSD initial condition for the RSP approach we have to transfer it into the RSP model, a procedure which is not unique. We discuss two possibilities in this section.
A. Equilibrium conversion
The PHSD initial profile provides several ingredients which we can use for generating the NJL plasma: the energy density ε, the flow velocity (β x , β y , β z ), and the flavor abundance (N u , Nū, N d , Nd, N s , Ns), for each cell. For the conversion, we first assume a local thermal equilibrium in the cell. This means that the momentum of the quarks is isotropically distributed in the cell's local rest frame according to a thermal (Fermi/Bose) distribution, and that the number of particles is determined by the energy density in the cell through the equation of state.
The procedure of conversion is depicted in Fig. 6 . Starting from PHSD cells, we move them to the local rest frame and determine the local energy density. Using the equation of state of the NJL model (which is different from the DQPM EoS [29] ) we can calculate from the local energy density T and µ and subsequently the number of particles, the momentum distribution and the masses. Finally, we transform back the cells to the global calculational frame. The energy is conserved in this procedure but the energy is differently distributed in the DQPM as compared to the NJL.
We only consider this procedure for cells in which the energy density in the local rest frame is above the critical limit of ε c 1 GeV/fm 3 , which corresponds to the NJL critical temperature of T c 200 MeV [29] . In the PHSD approach the other cells, presenting the corona of the collision, are not converted into partons. For the heavy-ion collisions -that we are considering in the rest of the paper -this cut-off removes less than 5% of the total energy of the system, which does not affect significantly the final results. For cells with a smaller energy density this method is not applicable because the fluctuations become too large.
As seen in Fig. 6 the repartition in kinetic energy and potential energy (depicted respectively as p and m on the right hand side of the figure) is not the same for both models, but also not far from each other. The interaction measure from the trace anomaly compared between the DQPM and NJL shows a difference [29] , but the effect of this difference is exactly what we want to observe with the same initial energy density profile.
In Fig. 7 we display the particle density n/T 3 and the energy density ε/T 4 as a function of temperature for both models. We voluntarily do not normalize by the Stefan-Boltzmann limit to emphasize the fact that these equations of state are not very different in the range T c < T < 2T c for the particle density. For the energy density, the DQPM equation of state has been fitted to recent lattice QCD data, while the NJL model has been adjusted to older lattice data and does not include gluon degrees-of-freedom, which explains the difference.
This conversion is noted in the figures as method 1.
B. Out-off equilibrium conversions
The equilibrium conversion does not take into account several important properties of the PHSD initial condition like the particle density after string decay and the momentum distribution in the cells in the local rest frame. To study its influence we investigated a second conversion procedure which respects these properties.
In Fig. 8 we display the probability distribution to find a momentum in z and x-direction in the rest frame of the local cells of the PHSD approach. It is clearly seen that the distribution is not isotropic for large values of p. Nevertheless, for thermal moment ( p th < 1.5 GeV) and hence for the majority of particles in the cells the distribution is almost isotropic, and follows a Boltzmann distribution. The mean value of the momentum is, however, far below the one we expect for the temperature given by the energy density. If we take this steeper distribution of p into account we have to increase the local particle density to obtain the right energy density.
We start out from the energy density in the cells which corresponds, using the DQPM equation of state, to a temperature T . Since the energy density is conserved, this energy density gives us, using the equation of state from the NJL in Fig. 7 , the temperature T . With help of the DQPM equation of state we can also convert the particle density in the cells into a temperature and findT = T . To calculate the particle density in NJL we use the temperaturê
Thus, the total number of particle is changed compared to the equilibrium value such as:
The observable α indicates how far the particle density is from the equilibrium value. For the events we are considering we find that α 1.3 -1.8. To conserve the total energy density the average energy per particle is changed accordingly
This out-off equilibrium conversion is summarized in Fig.  9 . The effective temperatures T andT are calculated for each dN dp x dp z dN dp x dp z cells in local rest frame cell and they are used to determine the density and the momentum distribution of the RSP partons.
The consequence of such an out-off equilibrium initialization is depicted on the right hand side of Fig. 9 . The potential part, given by the number of massive particles, is larger than previously, and consequently the effect of the mean-field interaction is expected to be much more important. We discuss this effect in the next Section.
In this conversion, the number of NJL particles in the cells is larger than in equilibrium and is very close to that of PHSD. Indeed, the initial number of particles in PHSD is very close to the final number of hadrons (assuming that each quark/diquark convert into one hadron). With this out-off equilibrium initialization this is also the case for the NJL particles. This picture is different from the standard approach in hydrodynamical calculations, where the particle number is smoothly increasing during expansion. This conversion is noted in the figures as method 2.
Since in the above approach the initial particle number is very close in PHSD and in RSP we prepared a third method of conversion for initial conditions. In this method we directly convert DQPM partons into NJL quarks and antiquarks using the relation :
Thus, we conserve the initial position/momentum correlations between the particles by just shifting the absolute value of the momentum to accommodate the mass difference between NJL and DQPM parton masses. PHSD gluons are converted into π 0 's, which decay in the plasma or collide to give π 0 π 0 → qq. This conversion is noted in the figures as method 3.
VI. FINAL RESULTS
In order to see the influence of the different descriptions of the expansion we compare the transverse momentum and rapidity spectra of PHSD and RSP for the reaction Au-Au at (1/2 p T ) dN/dp T [GeV (1/2 p T ) dN/dp T [GeV We display the transverse momentum spectrum for |y| < 0.5 and the rapidity distribution, for light quarks in the top panels (a) and (b), for strange quarks in the bottom panels (c) and (d).
√ s NN =200 GeV for 30-40% centrality (b = 8.4 fm). We display the initial distribution of the quarks and compare them with the final distribution of the mesons. We display as well the elliptic flow, v 2 , for the two approaches.
The results of RSP are presented for the three methods for the conversion of the initial profile of PHSD into a initial distribution of RSP which has been explained in the last chapter:
(i) the equilibrium conversion assuming local equilibrium in each cell in RSP (method 1),
(ii) the out-off equilibrium conversion taking into account that the particle density in PHSD is not thermal (method 2), (iii) the direct conversion in which each PHSD parton has the same energy as a parton in RSP (method 3). Fig. 10 displays the initial spectra of quarks in PHSD and in RSP for the different conversion methods. Here q,q indicates the average over light quarks and antiquarks and s,s indicates the average over strange quarks and antiquarks. We display as well the PHENIX data for reference [38] to make the final and initial distribution easier to compare. Fig. 11 shows the corresponding final spectra of hadrons. Here π denotes the average over π + and π − and K denotes the average over K + and K − .
Initially the PHSD transverse momentum distribution of partons has a rather large slope (as compared to the final distribution). This is expected because their mass is very large as compared to that of pions and kaons. During the expansion this large mass is converted into kinetic energy. In addition, the potential between the quarks is repulsive in PHSD which adds to flatten the slope during the expansion. Both effects are at the origin that finally the PHSD spectrum agrees with the experimental spectrum up to p T = 1.5 GeV . Above this value jets are playing a role which are not included in the version of PHSD employed here.
The first conversion method of the PHSD initial condition gives a slope which is much flatter than the experimental data. This is a consequence of the higher momentum due to the lower mass in RSP as compared to PHSD. Naturally for method 2 in which the conversion creates more particles with a smaller momentum the slope is stiffer as in method 1. Finally method 3 shifts the PHSD initial condition to larger momenta but with the same slope at high momenta as the PHSD initial (1/2 p T ) dN/dp T [GeV (1/2 p T ) dN/dp T [GeV condition. Despite of the quite different initial transverse momentum distributions the final pion spectra are very similar. In RSP the partons gain mass during the expansion and the interaction among partons is attractive. Both produces an increase of the slope during the expansion. For method 2 and 3 we obtained, despite of the quite different initial distribution, an almost identical p T spectrum which agrees with that of PHSD and the data. Only the conversion method which gives the particles a very high initial momentum and does to represent the true momentum distributions (and particle density) in the PHSD cells fails to reproduce the PHSD result and the experimental data.
For the strange quarks the initial distributions show a similar difference in the slopes as for the nonstrange quarks. There are a lot of hard collisions (following the NJL cross sections) between s-quarks during the expansion of the plasma, which make this transverse spectrum flatter than the initial one, despite of the attractive potential. At the end of the expansion we see that the RSP matches the high momentum part of the experimental spectra whereas there are too few kaons at low momentum. This is a consequence of the strong ss → uū(dd) cross section in NJL [39] which depopulates the strange quark spectra at low p T during the expansion and leads to a suppression of low p T kaons as compared to a calculation without this cross section. The inverse reaction is highly suppressed due to the much larger mass of the strange quarks as compared to the light quarks. The corresponding cross section in PHSD is at least an order of magnitude smaller [40] . Since in the LUND string fragmentation the ratio of u : d : s, chosen as 3 : 3 : 1 in PHSD at this energy, is a free parameter another choice of this ratio would bring RSP closer to the data. We see here as well that method 2 and 3 yield very similar distributions of the final kaons.
The initial parton rapidity distribution in the PHSD is peaked at midrapidity whereas all conversion methods to RSP show for the light quarks a local minimum at midrapidity. This is a consequence of the Lorentz transformation between the local rest frame and the computational frame. For the heavier strange quarks this effect is less pronounced but being lighter than the PHSD partons it is still present. During the expansion the midrapidity region is depopulated in PHSD due to the repulsive force between the partons whereas in RSP the at- tractive force increases the midrapidity yield. For the kaons this effect is more than counterbalanced due to the strong ss → uū(dd) cross section for small √ s. Most of the difference in the midrapidity yield between RSP and PHSD comes from particles with very low p T .
Another observable of interest is the elliptic flow of hadrons as a function of p T and rapidity y. In hydrodynamical calculations it is a direct consequence of the initial spatial eccentricity of the overlap region between projectile and target. Our results are presented in Fig. 12 and compared with STAR data [41] for the same event class. We display the PHSD results, which reproduce nicely the experimental elliptic flow if the hadronic rescattering is included. The PHSD results without hadronic rescattering and without the baryon contribution (dashed line) shows that hadronic rescattering increases v 2 by more than 50%. For all three conversion methods RSP (which does not include hadronic rescattering) underpredicts the corresponding elliptic flow of PHSD. For the same initial condition this is expected because the attractive potential between the quarks in RSP counterbalance partially the pressure which causes the elliptic flow. To overcome this problem we have to start out in RSP from a initial condition which has already a finite v 2 , like it is the case for hydrodynamical approaches, and not with v ini 2 = 0, as it is the case for the PHSD initial condition.
VII. CONCLUSION
In this paper we studied the expansion of a plasma of quarks and gluons and its hadronization within two different transport theories, PHSD and RSP. PHSD ist based on the dynamical quasiparticle model (DQPM) which reproduces the lattice equation of state whereas RSP is based on the Nambu JonaLasinio Lagrangian which allows to calculate parton masses and parton cross section at finite temperature and quark chemical potential µ. PHSD is a relativistic off-shell transport approach (incorporating resummed two-body correlations) and RSP a relativistic n-body theory. The parton masses in both approaches are very different. In the DQPM the partons have masses of several hundred MeV and the masses increase with temperature due to the partonic interactions with the plasma constituents as in HTL approaches; in the NJL model the partons in the high temperature plasma reduce to their bare mass of a couple of MeV for the light quarks. The interactions between partons is repulsive in PHSD whereas, taking only into account the pseudoscalar mesons, is attractive in the NJL approach. RSP as well as PHSD are transport theories which do not require, in contradistinction to hydrodynamical approaches, that the system is locally in thermal equilibrium or close to it.
For our studies we employ the standard PHSD initial condition, i.e. the phase-space configuration after all initial hadrons from the Lund fragmentation are converted into quarks and gluons (the few corona particles which do not take part in the QGP are discarded). Respecting the requirement that the local energy density is conserved we proposed 3 different methods to convert the PHSD initial condition into a RSP initial condition which yield quite different RSP initial transverse momentum and rapidity distributions.
The very surprising result is that for the two very different transport theories one obtains for the same initial local energydensity distributions a very similar transverse momentum distributions of mesons as well as of the elliptic flow v 2 if the nonequilibrium character of the PHSD initial condition is taken into account (method 2 and 3). The difference one observes in the kaon spectrum is more attributed to the ss → uū cross section which is given in the NJL approach but is to a certain extend a free parameter in PHSD (it has only not to exhaust the collisional width determined by the fit to the lattice equation of state). This is also true for the rapidity distribution of kaons, only that of pion differs substantially because here the Lorentz transformation back to the computational frame is quite different due to the very different masses of light quarks in PHSD and RSP. Also v 2 as a function of p T does not differ substantially between PHSD and RSP and this difference finds its explanation in the attractive potential between NJL quarks. In PHSD as well as in hydrodynamical calculations hadronic rescattering adds more than 30% to the pion v 2 [42] .
As a consequence of these observations it seems that in relativistic heavy-ion collisions the observables studied here are not very sensitive to the expansion and hadronisation scenario. This is astonishing in view of the very different masses and cross sections in both models. Possibly by including more exclusive observables or by extending the calculations towards LHC energies the situation might change. The former requires, however, calculations of the properties of vector mesons and baryons and their cross sections in the NJL ap- proach which is in itself already a major task. It would be also interesting to use instead of the PHSD initial condition the initial conditions which are employed in hydro calculations to test whether also with such equilibrium initial condition an agreement with the final spectra can be obtained.
distribution in time and space for elastic collisions (left) and for hadronization (right). One can see the quasi-free expansion at the early beginning because the cross sections are small, and the hadronization, in the corona first, and then moving to the center. So we do not have a simple freeze out surface like the Cooper-Frye method in hydrodynamical calculations. An unavoidable problem are high momentum partons. In the NJL model, the hadronization cross sections decrease strongly with increasing √ s. Therefore partons with large momentum p (jet-like particles) cannot be hadronized except by fragmentation or 2 → n processes, which is currently not included into the RSP. Such processes (like 2 → 3) show indeed an increase in cross sections for larger √ s [44] . Fig. 14 shows the distribution of hadronization collisions as a function of √ s. Hadronization is most important close to threshold. At high energy we see a broad distribution in √ s with a maximum around √ s = 1.6 GeV.
To improve our efficiency, we have modified the standard "billiard ball" type (collision takes only place if b < σ /π = b max ) description by introducing a probability which depends on the distance between the particles (see Fig. 15 ). This is similar to the method used in GLISSANDO 2 [45] for wounded nucleons. The total cross section remains the same:
We use P(b) = exp[− π 4 (b/b max ) 2 ]. This method improves the hadronization for particles especially at late times when b max is of the order of the mean inter-particle distance.
The few remaining quarks are finally hadronized by combining partons which are close in phase space similar to the method of Ref. [46] .
